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BackgroundDysphagia occurs in up to 50% of patients following a stroke [1-4] and increases the risk of pneumonia almost ten-fold [5]. Stroke-related pneumonia is associated with longer length of hospital stay, worse levels of disability and increased mortality [6-9]. In most 
dysphagic patients, adaptation of the consistency of diet and fluids 
is sufficient to ensure that the swallow is safe. However, in a small proportion insertion of a Nasogastric Tube (NGT) is required to ensure safe and adequate nutrition. Despite this, more than two-thirds of NGT-fed stroke patients still develop pneumonia [10] 
 Gastric dysmotility is a well-documented phenomenon that occurs in critically ill patients, including acute stroke patients, whereby incomplete gastric emptying results in stasis, heightening the risk 
of reflux and aspiration of gastric contents [10-13]. NGT bolus 
feeding was first described by Morrison et al. [14] in 1895 for children with Diphtheria, who received 6-ounce bolus feeds 3 times 
a day via NGT. However, it wasn’t until 1910s when Morgan et al. [15] and Jones et al. [16] began administering their enteral feeds “drop by drop” rather than as a bolus. Contemporaneously, the 
DOI: 10.32474/OJNBD.2019.03.000163
Abstract
Background and purpose: Enteral nutrition via nasogastric tube in acute stroke patients with dysphagia is an important 
determinant of patient outcomes. It is unclear whether intermittent or continuous feeding is more efficacious. The aim of this 
review is to examine the current evidence comparing the effectiveness of intermittent versus continuous feeding in stroke patients in terms of nutritional status, gastrointestinal intolerance and other complications.
Methods: A systematic review of randomized controlled studies comparing intermittent with continuous nasogastric feeding 
in acute stroke patients was conducted in accordance with PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
analyses) guidance using predefined search terms. The search was conducted in MEDLINE and EMBASE up to 1st March 2019. 
Two independent reviewers assessed study quality using the Joanna Briggs Institute Critical Appraisal Tool. Meta-analyses were conducted, where appropriate, using a random-effects model to pool risk ratio with corresponding 95% CI. 
Results: Three studies including a total of 184 patients were identified. All three were medium to low quality. The definition of intermittent enteral nutrition within each study varied considerably in terms of volume, rate and mode of delivery. Achievement of nutritional targets was the same for both feeding patterns in the one study it was reported. Only aspiration pneumonia and diarrhea 
were measured by all three studies. There was no significant difference in the incidence of aspiration pneumonia (RR 0.91, 95% CI 0.53-1.57, p=0.74, I2=50%) and diarrhea (RR 1.74, 95% CI 0.70-4.30, p=0.23, I2=42%) between the two patterns of feeding. Other 
outcomes including, vomiting, gastric retention, mortality, pre-albumin and nasogastric tube complications showed no significant differences.
Conclusion: There is very little and low-quality evidence to inform patterns of enteral feeding after stroke. The available 
evidence shows no significant difference in nutritional achievement and complications between intermittent and continuous nasogastric tube feeding in acute stroke patients.
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regimen most frequently used in most patients requiring enteral feeding is continuous (i.e. low volume pumped feed lasting 16-24 hours without interruption). However, recent attention has been 
afforded to examining whether a discontinuous feeding strategy - often described as either intermittent or bolus (i.e. high volume of feed administered over a short period multiple times a day) - could reduce patients’ risk of pneumonia and achieve better nutrition and digestive tolerance.
Intermittent feeding reflects normal human feeding patterns more closely than continuous feeding. A period of fasting interrupted by the ingestion of a discrete meal causes gastric distension and subsequent stimulation of gut motility, secretion of digestive enzymes and metabolic responses to nutrient loading [17-
18]. This physiological gastrointestinal response to intermittent feeding has been demonstrated in healthy adults, neonates and intensive care populations [17-20]. While there are good theoretical reasons to assume that intermittent feeding is more physiological, most stroke patients in the UK receive nasogastric feeding continuously, as there are concerns that intermittent feeding may be less well tolerated. Guidance and practice relating to enteral feeding after stroke differs between countries; with the American Heart Association [21] and the Royal College of Physicians [22] not addressing the issue, Australian Guidelines allowing for both options [23] and intermittent feeding described as “traditional” in China [24]. The aim of this systematic review is to determine whether there are differences in the achievement of adequate nutrition, gastrointestinal tolerance, and metabolic stability between intermittent and continuous nasogastric feeding.
MethodsThis systematic review and meta-analysis were prepared 
according to PRISMA (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) guidelines [25].
Criteria for Considering Studies for this Review
The inclusion criteria for this review were:
a. Population: Acute stroke patients aged 18 or more with a nasogastric tube receiving enteral nutrition
b. Intervention: Intermittent enteral nutrition: by bolus, gravity systems or infusion pump several times a day with a rest between feeds
c. Control: Continuous enteral nutrition: with gravity systems or infusion pumps, without interruption for a minimum period of 12 hours/day 
d. Outcomes: Nutritional status, aspiration pneumonia, diarrhea, vomiting, gastric distension, gastric retention, hyperglycemia, pre-albumin, mortality, length of stay, and NGT complications
e. Study Design: Randomized controlled trials or pseudo-randomised controlled trials (a study without true randomisation) that compared continuous and intermittent enteral feeding methods.
Search Strategy
A literature search was performed using MEDLINE (1966 – 1st March 2019) and EMBASE (1974– 1st March 2019). Studies were searched for using the terms enteral, nutrition, nasogastric, 
gastrointestinal, feeding as Medical Subject Heading (MeSH) and 
free text terms. These were combined with the set operator “AND” 
with following terms: intermittent, continuous as both MeSH and 
free text terms. Publications were restricted to those studying 
adult populations, defined as greater than 18 years old, with a documented diagnosis of stroke according to accepted international criteria [26]. This search strategy is described in Appendix 1. The 
reference lists of all eligible studies that were identified were also 
comprehensively searched for studies not identified using the initial search strategy. This search was performed independently by two reviewers. 
Selection of studiesTwo reviewers (GDP and ET) assessed the studies independently for inclusion using the title and abstract. In cases where relevance 
could not be determined solely from the abstract, the full text was consulted. Any disagreements were resolved by consensus with a third reviewer (CR). 
Data extraction and management
Data extraction was done manually by two reviewers (GDP 
and ET). Differences were discussed and adjudicated in face-to-face meetings. Foreign language papers were translated, and descriptions of each study were derived. This included authors, year of publication, type of participant, location, study design, 
sample size, age and gender of participants, exclusion criteria, when feeding was started, monitoring period, nasogastric tube size, 
type of feed and definitions of each intervention. In addition, data 
was extracted for definition and results of each outcome from all studies. 
Assessment of risk of bias in included studies
Methodological quality of the studies was assessed using the 
Joanna Briggs Institute Meta-Analysis of Statistics Assessment 
and Review Instrument (MAStARI) Critical Appraisal tool for 
experimental studies [27].
Data synthesis
The studies presented in this review all fitted the conceptual 
definitions of intermittent and continuous enteral nutrition, as outlined in the inclusion criteria. However, there were differences in the volume, rate and temperature of nutrient delivered. In addition, two of the studies did not use true randomisation. Taking into consideration these limitations, a meta-analysis has been carried out with the outcome’s diarrhea and aspiration pneumonia, as these were the outcomes assessed by all studies. Narrative synthesis was used where outcomes did not allow meta-analysis. 
The meta-analysis was performed using Review Manager (RevMan) 
Version 5.3. Copenhagen: The Nordic Cochrane Centre, The 
Cochrane Collaboration, 2014. Data was extracted from all three studies for the outcome’s diarrhea and aspiration pneumonia. We 
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calculated risk ratios (RR) and 95% CIs using the Mantel–Haenszel model. Statistical heterogeneity among trials was assessed by the I2 test, with I2 >50 representing possible substantial heterogeneity. The meta-analysis was performed with a random-effects model irrespective of the level of heterogeneity as the included trials varied considerably in a number of methodological features.
Results
Study selection
Figure 1: PRISMA flowchart for study selection process.
The PRISMA flow-chart for study selection is shown in Figure 1. Following the removal of duplicates the number of potentially 
relevant studies identified from this search was 1,377. Four studies met the criteria of relevance and no studies were added following 
a secondary manual search. On review of the full-texts, one study 
[28] was excluded due to a cross-over study design with no wash-out period and the outcomes reported were not clinically relevant to this review. Three studies [25] [29,30] remained including a total 
of 184 patients. 
Study characteristicsTable 1 shows the characteristics of the included studies and patients. Two studies were conducted in China [24,25,29] and one in Turkey [30]. Population sizes (52-69) and age (mean 61-69 years) were similar in all three. A summary of the studies is given in Appendix 2. 
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Risk of bias and quality of the evidence
Appendix 3 shows details of the quality assessment with 
moderate risk of bias (9/13 quality criteria fulfilled by Wang, and 6/13 by Chen and Gungor respectively). Only one study (Wang) was truly randomized (random numbers table), while Chen used alternate assignment for allocation of treatment groups, and Gungor randomized patients into two groups taking into account the age and gender, with no more detail has been given regarding how they randomised. Wang randomised patients using a random number table. Blinding of participants and assessors was not feasible due to the nature of the intervention and the outcomes measured. Only Chen commented on removal of patients from 
the study for clinical reasons. Four patients were excluded within three days of enrolment because of left ventricular failure, cerebral herniation, gastrointestinal haemorrhage, and respiratory failure respectively. It was not reported whether these patients were included in an intention to treat analysis. The other two studies did not refer to removal of patients after allocation to treatment groups. Chen was the most comprehensive in demonstrating similar baseline characteristics using age, gender, Glasgow Coma Scale, [31] the Acute Physiology, Age, Chronic Health Evaluation-II scale, [32] the National Institutes for Health Stroke Scale, [22] 
and the Barthel index [33]. Gungor used age, gender and a stroke subscale, and Wang only used age, gender and the Glasgow Coma Scale. The only outcome measure that is likely to be unreliable is the assessment of gastric distension in Wang’s study. This 
was ascertained by palpation combined with measurement of abdominal circumference, a method which is not validated and has 
no defined criteria. 
Delivery of the feedsFeed was given via wide bore NGTs (16 and 14 F for Wang and Gungor respectively). Details of administration given in Appendix 4. Continuous enteral nutrition was delivered via an infusion pump in all three studies, initially at less than 50 ml/h increasing to 75-100 ml/h as tolerated. Gungor started at a slower rate (10 ml/h) than the other two studies and increased feeding rates more gradually. Two studies (Wang and Gungor) continued feeding overnight without a period of rest, while Chen discontinued the feed for a period of 7 hours overnight. Intermittent regimens were considerably different between the studies. Wang delivered each feed (200-300 ml) over 
10-15 minutes at a rate of 800-1800 ml/h, while Gungor infused a smaller volume of feed (120 ml) over a longer period of time (30-60 min) at a much slower rate of 300-600 ml/h. Wang administered the feed manually with a 50 ml syringe, which may have resulted in an even quicker administration time by the nurses than appreciated by the assessors of the study.
OutcomesThe effects of intermittent and continuous feeding on clinically 
relevant outcomes are given in Table 2. Definitions for key outcomes are detailed in Appendix 5.
Table 2: Comparative effects of intermittent and continuous enteral nutrition on clinically relevant outcomes. g/L: grams per litre.
Intermittent Continuous Difference
Nutrition (% daily calorific requirements achieved) Chen [29] 84.80% (95% CI - 75.7% to 93.9%) 93.90% (95% CI - 77.9% to 99.8%) P > 0.05Diarrhoea (no. of patients)Chen [29]Wang [24]Gungor [30]
9/33 (27.3%)13/25 (52.0%)7/31 (22.6%)
11/36 (30.6%)
7/28 (25.0%)1/31 (3.2%)
P = 0.76P = 0.04P = 0.05Vomiting (no. of patients) Gungor [30] 0/31 (0.0%) 0/31 (0.0%) P = 1.00Gastric distention (no. of patients) Wang [24] 16/25 (64.0%) 4/28 (14.3%) P < 0.01Gastric Retention (no. of patients)Chen [29]Gungor [30] 1/33 (3.0%)0/31 (0.0%) 1/36 (2.8%)0/31 (0.0%) P = 1.00P = 1.00Pneumonia (no. of patients)Chen [29]Wang [24]Gungor [30]
11/33 (33.3%)10/25 (40.0%)11/31 (35.5%)
21/36 (58.3%)
9/28 (32.1%)9/31 (29.0%)
P = 0.04P = 0.55P > 0.05
Mortality (no. of patients) Gungor [30] 1/31 (3.2%) 3/31 (9.7%) P > 0.05
Length of admission (days) Gungor [30] 16.8 14.1 P > 0.05Hyperglycaemia (no. of patients) Wang [24] 11/25 (44.0%) 5/28 (17.9%) P = 0.04
Pre-albumin (g/L) Chen [29] 0.18 0.17 P > 0.05NGT complications (no. of patients) Gungor [30] 8/31 (25.8%) 7/31 (22.6%) P > 0.05
Achievement of nutritional targetsThis was only reported in one study [29]. There was no significant difference in achievement of the nutritional target and in levels of pre-albumin between intermittent and continuous feeding. 
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Complications of nasogastric feeding
One of the three studies (Chen) showed a significantly higher 
incidence (58.3%) of pneumonia with continuous feeding than with intermittent feeding (33.3%), with no difference in the other two 
studies. Diarrhea was significantly more frequent with intermittent feeding (64.0% vs. 14.3%) in Wang, but not in the other two 
studies. Wang also reported significantly more hyperglycaemia 
with intermittent feeding. No significant differences were found for vomiting (Gungor), gastric retention (Gungor, Wang), and NGT complications (Gungor).
Other outcomesOne study (Gungor) reported mortality and length of stay. No 
significant differences were identified between feeding patterns. 
Meta-analysis
Figure 2: Meta-analysis of intermittent compared with continuous enteral nutrition on the incidence of aspiration pneumonia 
and diarrhea in acute stroke patients.
CI: Confidence interval; Chi2: Chi-squared test; Tau: Tau testOnly aspiration pneumonia and diarrhea were assessed by all three studies and could be included in the meta-analysis. There 
was no significant difference between intermittent and continuous feeding in either incidence of aspiration pneumonia (RR 0.91, 95% CI 0.53-1.57, p=0.74, I2=50%) or diarrhea (RR 1.74, 95% CI 0.70-4.30, p=0.23, I2=42%). A funnel plot is not presented here as there were only 3 trials. This is analysis is displayed in Figure 2.
Discussion
The systematic review identified three studies comparing intermittent and continuous nasogastric feeding including 
184 acute stroke patients. There was no significant difference between feeding regimes for most outcomes in individual 
studies with the exception of pneumonia, which was higher with continuous feeding in one study [29] and diarrhea, gastric distension and hyperglycemia, which were seen more frequently in another study [24]. The only outcomes which were assessed by all three studies and could be included in the meta-analysis were aspiration pneumonia and diarrhea, neither of which were 
significantly different in the two feeding regimens. Intermittent 
feeding would be expected to improve achievement of nutritional goals, as it is closer to normal feeding patterns allowing for more physiological gastrointestinal and metabolic responses. There is 
insufficient evidence to determine the effect of feeding pattern on the achievement of nutritional goals in this patient group. In the one study [29], where nutritional goals were addressed, no 
significant difference was found. Studies in intensive care patients 
found that calorific objectives were more likely to be achieved with intermittent than with continuous enteral nutrition [34,35] and 
this was confirmed through systematic review [21]. Furthermore, 
studies examining these two methods of administering enteral nutrition in older adults on general wards also found no discernible difference in the calories achieved [36,37] This was in keeping with the results observed from this review.
Aspiration pneumonia is a major complication of dysphagic stroke and may be affected by the pattern of feeding. Our meta-
analysis did not find a significant difference in pneumonia between intermittent and continuous feeding. In all three studies 
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the minimum incidence of aspiration pneumonia in acute stroke patients fed by NGT was regardless of intervention. Chen was an outlier with almost twice the incidence of aspiration pneumonia in the continuous group, and this difference might have been due to chance. However, this was the only study to specify that they recruited patients within 7 days of admission, and this could have 
ensured that patients hadn’t had a significantly long starvation period in which gastric dysmotility would have developed. Interestingly, it was the only study which discontinued feeding during the night, a practice usually considered to reduce the risk of pneumonia. Studies of intermittent versus continuous feeding 
in other settings give mixed results with a reduction of pneumonia 
with intermittent feeding in intensive care,38 but no difference in older people nursed on general wards [37]. Gastrointestinal 
tolerance is a major determinant of choice of feeding pattern. There 
was no significant difference in the incidence of diarrhea in our 
meta-analysis. Looking at individual studies, Wang consistently reported more gastrointestinal and metabolic adverse effects in the intermittent feeding group than with continuous feeding with 
a significantly higher incidence of diarrhoea, gastric distension, and hyperglycaemia. While this might have been a chance effect, it could have been due to differences in the delivery of the feeds. They gave intermittent feeding manually via a 50 ml syringe rather than by pump and at a much higher rate (200-300 ml over 10-15 minutes). Wang was the only study to warm their feed to body temperature (37 degrees in the intermittent group and 40 degrees in the continuous group to allow for slower infusion rates). 
This would be expected to improve tolerance [39-41] especially with the larger volumes in the intermittent feeding group [42]. Both gastric distention and retention are known to be affected by gastric motility/emptying, which has been shown to be improved 
by the use of intermittent enteral nutrition in healthy adults[17,18]. However, in intensive care patients, where gastric dysmotility is common, studies have consistently demonstrated no difference 
between intermittent and continuous nutrition [43-48]. Several previous studies, largely conducted in intensive care, demonstrated that gastrointestinal tolerance was similar with intermittent and continuous enteral nutrition. However, [36] 1992 found a very high frequency of diarrhea in older adults on intermittent 
compared with continuous feeding (96% v 66%, p <0.008).36 Not 
to the same extent, this finding was also reported by Hiebert et 
al 1981 in adult patients with burns.44 However, in a systematic 
review in intensive care patients by Martinez 2014 [20] there was 
no significant difference between intermittent and continuous enteral nutrition with regards to gastrointestinal tolerance. This is 
corroborated by our results, which has also shown no significant difference in incidence of diarrhoea when comparing intermittent with continuous enteral nutrition.The measurement of gastric residual volume (GRV) is not standard practice for acute stroke patients admitted in the UK, although it is carried out in patients on intensive care units. Two of the studies used GRV to assess gastric retention as an outcome measure; this will have required large bore NGT (French 14-16 as described in Wang and Gungor). These size NGT are not normally required for standard feeding regimens and would 
have facilitated the faster rates of feeding seen in these studies. Glycaemic responses to feeding were only assessed in one study 
(Wang), where hyperglycaemia was found to significantly more common with intermittent feeding. In this study, blood glucose was measured every 4 hours and a blood glucose of more than 
8.0 mmol/L was documented as an episode of hyperglycaemia. It has previously been shown that increasing gastric emptying 
heightens postprandial glycaemic excursions, [49] which is likely to be the case in intermittent feeding. In an of itself, hyperglycaemia potentiates the slowing of gastric emptying [50,51] which is an important factor considering its sequential impact on gastric retention. However, this may not mean that the overall glycaemic control is worse than with continuous feeding, which would be better assessed through 24-hour blood glucose monitoring. The limitations of the review are the small number of studies, the limited number of participants, and the moderate quality of the evidence. 
There is a risk of bias which was evident when significant findings in individual studies were no longer evident in systematic review. While the interventions and populations where comparable, there 
were variations in the definition of intermittent and continuous feeding and delivery of feeds which may have accounted for some of the differences observed between individual studies. 
ConclusionIn conclusion, there are only few studies comparing intermittent with continuous feeding in stroke patients, and these are of low 
quality with small sample sizes. The definitions of intermittent 
enteral nutrition varied, and the findings were inconsistent. 
Based on this review, no definitive conclusion can be made as to which method of delivery of nutrition by nasogastric tube is safer and more effective in acute stroke patients. Further research is warranted to address this.
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